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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an org. 
electroluminescent element of high luminous efficiency 
and high effective life using a specific element 
comprising a substrate layer, a light transmission 
electrode layer, a functional optoelectronic layer, and a 
second electrode. 

SOLUTION: This org. electroluminescent element is 
equipped with a substrate layer 1 (a), a first light 
transmission electrode layer 2 (b), one or more 
functional optoelectronic layers (c) [a layer contg. one or 
more materials selected from the group consisting of 
one or more p-type org. materials 31 having one or more 
singlet states and one or more triplet states (described 
as singlet and triplet state hereunder) (1), luminous 
material 32 contg. one or more org. metal complexes 
comprising a rare earth metal ion in discharged state and 
an org. ligand in singlet and triplet state (2), and one or 
more n-type org. materials 33 in singlet and triplet state 
(3)], and a second electrode 4 (d), and the triplet 

condition of the lowest energy of the ligand is positioned in a lower level than the triplet state 
of the lowest energy of at least one of the n-type or p-type org. material and positioned in a 
higher level than the rare earth metal ion in discharged state. 
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(2) 

1 

a) S&Jl. 

b) fglftSiltt*®®. 

c) im^-tomm^^hxu^ha-y^mx$>^ 

c 2) ^ii^t^ttlEtf . MS io 

1 ^K±©-aW^g*5<fctf 1 t>a±©HS^«SI4 : fi"' 

c 3 ) 1 ott±©-MH«M3* # 1 ^HiOiM* 
***-r-6 1 !£U:fflna*aBmo5S© i 

d) «2ti5M. iroaEtt^romsx***-©^ 

©'>&< £fc-#©Sffix*;V*-©Hm««<i£D{g; a 
Mi. 0 ft "^HcftBI" 3 d t £#8 tt5t«i V 

tm©£fiHasnK«.fc o (sv^ i^;hc&bt s z. t * 

t tT5St*3i 1 E*©*«xW* h n;P3 * y 

gg 2 ^— Sl*3t#ft-rs c t i"T 1 EH 

©=&«xl^ hDJl/3^-iyfe>h*f. 
[W#H5] iaa±©P WBfBfctfH 

S ntfe o .stria n m&k i* p ffi©*f»©£fc3Sbc*& 

*S»*mB«©*«xi'* hnjW5*<y-fe>b» 
[«*JS6] l«K±©pS*«»S. l««±©n 



#§H¥.8 - 3- 1 9 4 8 2 

2 

W«iE&T t' <fc -5 "CfflMSS MT^5 C t if £11 
3&fii~6©vvfn*»— 0©JBCS*©W8IXW£ hD 

^«¥S#. ^swa^ns©*!^"?**^*^ 
t-r-6«i*w i ~ 8 ©vif n*— ^©wfcE*©*«x 

[»*jsio] Mia#±s^s-f*>©Bafi : f^ ^ 

Dtf^A (III)-7x^->hOU >- MJ — r/^f ->H- 

«»»tt2- (4-fcf7xX>JJW -5- (tert. 77 
)V7*-M -1. 3, 4-**»5>T'/-^ (PB 
D) :c**Cfc*W£T*«*Bl*fcl*3E*«>* 

W#JH12] MEpStrWmiMt'J (N-H=* 
fc^/V/-^) IWB*±W^JR'f 

h (Tb(benz) 3 bipy 2 ) «ISnS!ti»ff8 
2, B-?7i=*-l, 3, 4-***3>7'/-*-C 

S,?,eitS^@it1" ; 5»tt* : Si*fe« 6 E®©*«xi^ 

[0 0 0 1] 

MM*fci««lM»!Mi*J:tfTV««6«fc 

^>t>©T*-5= 
[0 0 0 2] 

InP. GaAs, GaAlAs, GaP, *fc«GaN ©J; 
50 «*t& ft^W^^lC^ViTtt. iff 
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3 

£©g&*£ili©±(::, F-tf>#v^;P©SS 
[0 0 0 3] C©piI£gftSTSIL. nilS 

ii«©^MSffiTffi«-r^.., mjEE^ii^iPiicqiirabfc* 

"Sic. tflinlSS^P,, ^OIE?LttpS«^6»P 
* lc&tfi£ n5x*;^-teft»^©^jg ft 

[00 04] scw«^*tii^^-e^<, ^mmm,u 

^-p$>S5§^(luminescent radiation) SlCHrrSflBS 

[0 0 0 5] titJW^MSnfcMlSft^x 

ftiH-fct). ^^©^WBHcMftTV^,, fij^itt, 
;:©<i;3£xk£ t>nj^*->t>K^fttW$S 

«#tt«»s#j*3nT^*5&#Jitt, ffi«©j£v>¥fi-c 

Il©J:3fcSfi#Jma*©«*fcW*S©jirc*n. 

[0 0 0 6] sec, *«3t©ei4. 
SJlttctD. $$4 0 0 nm~i®6 5 0 nmt^5£^ 

[0007] **ttWtB$m£#±Si&JS©*«&«fl; 
a. j:u!7 ha)is.*yiz>hm : i L \zxm<®wmm <u 

S-A) 315, 1 2 8, 5 8 7f*e.ft&nT*0, £ 
©3r?*MMia*#U IMMtifit* (a) W«%*3ii 

rss«, (b) *r«**aii*-*»i««, (c> *i 
ajetaa-rspM, (d) 7^-H©*«4ise 

#:*««T*aBKJi.. fe«fctf (e) £2««ejl*.s: 
[0 0 0 8] c:©«i&tCttffi8BpSHtLTW«*fctt 

-T-sitat-efrs. cwx^&xv^ bDjv$^-.y-fc> 
r-^T©1#iif±#feK»-e*s. 

[0 0 0 9] ±^©Xk^ hafrS-^yt^h^OX 

z^T&mzntc&mz&mt, s«j©tt^ST?»«i!i& 
tt3©Jfc?#©-^P3£&^3n«&?«r&*9fc 

tt*:iij&*:i?.*.&«fc3fc:&lj ( TNaturej S.3.6 . 



(3) 4OT¥8- 3 1 9 4 8 2 

4 

SS6-2 8J0-. -*MMraiMs*4. 2%*t?±#$-B-S 
( TJ. Appl. Phys.J 72, 1957 (1992)) 

o 

[0 0 10] #«tm*«ffll/fcR»©XU^ h . 

[0 0 11] 

li> &«ft#«##:fe±tf#±«&«©%«&K«i#:# 

sfflsnr^T, frt3*»*r*©ftv># 

[0 0 12] 

[■M&**T*fc»©#gU *«Wl:*t»Ttt. MR 
T, 

a) WSm. 
a? b) fg 1 7frl®ttmffi/I> 

c) lBK±©«IBttsi-^hxW^hnxy^Ji-e*r3 
T. 

c 1 ) 1 oRJi©-fi^«^*5 1 -^fillfflHiStt 

* i aeui© p iti^, 
c 2> «±a*ji-f *>t*«Ett^t*sj«o. mm 

i ^«±©-s«tt^*3 «ttx i ^et±©=s««aBs* 
r*. i «K±©#«*JW8#a**rs5Bt»R, * 
xzr 

30 c 3 ) 1 aK±©-SJgtt^*<fcr; 1 ^>a±©Hfi^^ 

isfts i aeur© n mmwmnn 3 © 1 ^>«±© 

d) W,2m,M*¥k7L, JMBEtfpOfH&x^MS-OH 

WffinS!#«*m*<fctfttEpl!#8M**4 
©4>&< tfe— *©»fix*;i^-©=M39ltt««tDft 

40 [0 0 1 3] *58mtt, W^tiEILtOWg^OIRK^ 

[0 0 14] ffioT. hn;k5^yfe> 
50 [0 0 15] *SMJfc:6Vvrtt, p3MPtt*m«£tftt . 
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5 

[oo l 6] pffl3lM(c*±«Bfffioffi»ttx*;^-tt 
[0017] sec pffl*«a»tt»ii+K^rs 

13 p S**K*m©*H£H*S'Rffi<fc 0 ffil* W^JKCfiB 
-*-*©**#* ±j£©«j£©fc©teffi®Xil: 

[0 0 18] pffl#«tf»ttWE3»t«»t*fc 
[0 0 19] iiifi©**©*)©^ fiMSOEMtt 

»©^fc#3jS-&tt#jij£3ns. 
[0020] Kje-r<s©a*i$i;:&&x&£#S£9i©#8i 

BLtropsraatMBk iagt±©n straws, ^.ttf 
WEf&ft*mttie©^— Jiffc-^snT*?). we 

n ffl* J:tf p S©tm©Kfl^«ttttffiEB#»»© 
[0 0 2 1] *5B.W»C*ViTtt, iaEUh©pSW«*t 

». iaeui©n§!*«g*m. fe«ktfWE5e#»*4tt, 
^n-engi]«i©s©^^i-iBS^ti. *^WEf§^^ 

^m£-&*T&Bt©raceaTs©a*iff*iA>. 

[0 0 2 2] ^O0iltC*ViTtt, 3fS©«|gttJl£B'Je 

icgjgHtrrfc^tJ^x^*. n ©«»;:* ^xra. WEfs 

[0 0 2 3] WE P »WH-y3»lT 
[0 0 2 4] *5B9i©j|*fc#*lA»OTfc*V»Ttt. WE 

jg(fc$nxv>s. c©«3Hc*5V^x«. iE:fc<fctfft©*# 
*^U-V©»iS£ttK&^©i&<-tx£gT*. £©» 

littJkx***— esic<tox, 3Ms©-s©s!t#a<j§ 

[0 0 2 5] WEnHW««^«. ^R-^tlt 



4) Wi¥8-3 1 9 48 2 

6 

x£-g>©x« me>x®%\zmm-z>z.t&rzz>. tv> 

[0 0 2 6] S^lc. WB*±»*«-f*>©BttT 
[0 0 2 7] *51«Ot«lVi' M3JU5*v-fc>h* 

x&o, we#±**K-f*>©*# 

ten— ntf^A (III)-7i^->hOU>- hj-^v 
4 )V V U 7 a - 7-b ?^7ir h h X & 0 v WE 
nm^mttPt\Z2 - (4 -H7iZ'JJW -5- (ter 
t. •7»7irjW -1, 3, 4-**H-i?7V-» 
(PBD) xa&So 

[0 0 2 8] ffiCDSfjSWC&HXrau WEpSttfttttt 

(N-trx;v*;wty-;W x&9, WEf&±S 

^K^f ^->©^W4^k*X">ix (IlD-v'-Htf'J^ 
HJ'O'/X— h (Tb(benz) 3 bipy 2 ) XfeD, W 
Gnltm»2, 5-v7xX;U- 1, 3, 4-* 
^•S-^Tl/-^ (PPD) X&£„ 
[0 0 2 9] 

mmcommomm] 0M£#!1lx 

' Mfc^XiKgrf*. 01~4(c^Ti5(c, #1833© 
fffixl/i' ha;U5^-!yfe>h^ ; ?«» S1RJB1. ^1 

50 vVmi. «^I2li4SAA, WE^bXl^ 
hnx-y^^3«p^««^3, ^±S^JS-f^>i: 

wnttft#5*4 iaa±©«#***-r»5fi3t# 

[0 0 3 0] fp»«ft2fi©mflEtCiEiSSffiSHJllP-r 
S. Simi6ttiEm& (7/-H) X*D, ?g2«®tt: 

40 giJ®0 2fi©ltC<t-pXJg^n^>. z©#&fctt. @ 

2ic^-r<fcotcp^3 1, $>z>^\zm i tc^-ri^t 

nII3 3. absvitt03ir^-r«t5lcpl!Q3 li5<fc 

i;nii3 3tt, 3 etc i&±m&m'(-*>£. : s&&& 
i aa±©«**Mrra38**m*'** 

[0 0 3 1] 04£*-r#89>3©te©05l£*5Vmi, 3 
a©«»ttiE?L©^. ^@**^«^©^t^5 
3<@©B'J<H©J1 I H£E§3.*1XV : > ; 5. iine.©0ffi^& 

50 ^«CSS1 iLTfffflTS. S«l©±lv7/-H2* 
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(5) 

7 

[0 0 3 2] ftig^ttT y-H^bpIi« tciE?L^a 

JRRfcttK Sfctt^^TSfttPHft (work f 10 
unct ion) <&*f?V>»«tt^«a^#T»£. ■* 
<Dm\Z. ^>y^A^F-^nt^58fcg (TI 

o) , 4fe*fctt#u7-u>oj*^3taattH-c*«. 

lTffiffltS^^Tif5, £<&±3fca^ftS:fcJ;i* 

fi = a««»J: t)S5^V^;PtC*S : T i p >T 
i 1 (fcfcLTi ' tepffi«Stt^«fi£#Og<£HS a? 

Ti l \m±m&ms$fc(Dm&T<D&& 

tt. *5 2 3 0 0 0cm- 1 <DTi ' St^TT^'J (N-tfx 
[0 0 3 4] SSlIiS.ttfif 

7 y i b t m * fc *a* h - y $ n t ^ s * u t -t 1/ 
[0035] *6©«aoH-^snT^5^r«a-&fr 

te> #l*Ji> P. M. Borsenbergerfect^D. S. Weiss ifi 
TOrganic Photoreceptors for Imaging Systemsj , Ma 
reel Dekker % New York(1993)icE»LTV>£«k5fc* 
^t>S>*fHP*tH--7 r *nT^*«-&*(IO)P) Tfe5o 40 

#B}g#:(solid solution) 
[0 0 3 6] pS*«tt&**rSffia&TiB^ftMDP ttf* 

TpS»*N,. N',-y7i^hN, .N' — tfX (3 
-^^7x-J» -1,1' -H7x^-4, 4/ .. . 
-vT^XTPD) **tfH*#T»*. #U <p 

-7x-l/>ez») * J: fctt#U. 50 



#M¥8-3 19482 

[0 0 3 7] fflt^ ^ t^^t ^ pit i# 

mmt. ffilAtf, *524, 500cm- 1 CD TV £W*T£ b U 7 
xZJl/7^X 000cm- 1 <£>T i » ^t§hUh;l/ 

;i/7^X *5«fctf»18, 000cm" 1 C7)T i p 
'J7x-;^7$>T*5. IS&feOBG^y 
?nn\*vW>* - (CH 2 ) 0 Sfctt- (C 
F 2 ) -T2boT, n#l, 2\ 3, 4$fcfi5t»5 
«&j£S*TSfc£4rC*5. 2in6(Z)pS!»«:tt#Sj24 f 0 
OOcnr'CDT i«» ?:ft§£15^tt^ a 

[0 0 3 8] att«mtt%«¥»^<tt;s^ 

ft, S&tt»^ttH-/^>h3S«*llDSnT^S«^ff 

fe, nmmmmthxm^znz. n^mmmtLxm 
mteM&mn&^mmmmz, 3, 4, 9, 

>fh7*Jl/^y-t:X-^>X<5^;-;k 2- 
(4-t:7x-'JiW - 5- (tert. -^7x' 

;w ~i, 3, 4 -^^77-;!/ 07?;1/-pbd 

) , #520, 500cm" 1 CDTa 1 Sft5 2- (4-H^x 
X U )V) - 5-7x-Jl/- 1, 3, 4-tWy77- 
;|/ (PBD ) , #923, 500cm" 1 0T« 1 ^§2, 5-v 
7x-Jkl, 3, 4-tWy7^ (PPD ) , 45 
W8-hHDmy'J>-7^-W (Alqs) T 

[0 0 3 9] 8 -t Ho^^y u>-7;i^n^A 

(Alq 3 ) *SF-^SnW5#U^fWj'^U I/- h 

[0 0 4 0] ^TfflV^C^TtS^H-y 
*nTVi<&<B(0W««^«4, 2- (4-\iy 

x-'JW -5- (tert. -y^7x-^) -1, 
3, 4-***^7*/-r;V C/^U-PBD ) (Ti =2 

0. 500cm" 1 ) *5<fctf2, 5-y7x^-l, 3, 4- 
t*"9-^7y-;i/ (PPD) (Ti =23, 400cm" 1 ) <D£o 

*fctt3, 4, 5-7x^)V- 

1, 2, 4-hU77-;^«ky3- (4 1 
;i/7x-;W -4-7x-^-5- (4 ii -t:' 7l - 
;» -1, 2, 4-.hU7!/-M±5ahU7!/-;P 

^^^UU-h(PMMA), #UX^D-;k JfeU tfX 
7x>-;PA-#u'*-**-hl:J:D»j8Sn«. 
[0 0 4 1] HOtll^fflV^S^ "T^^, p 

m&&ztnM&mm&ft&rc\zmmm*#m<Dt$Km# 

pa«matH^.snT^sar&<»*j:ac 
nij«R^H-y*nT^*a^ft*ffl^«2:t*t-e*. 
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(6) 



hitno^JV-PBDt, h'J7x~;V73>. HJ7 

ffi©«li:©i!&-&-a:*e*>£<> 
[0 0 4 2] HE58*»»tt. K*. Wt 

[0 0 4 3] ^±m^m^^r>tvx\i, e 

Eu 3 * Tb 3t . Tm 3+ . Dy 3 *. Sm 3 + SfcttPr 3 * fcfflV* 



»PT8-3 19 48 2 



JO 



»taaft«fr»HR«*a«5tsE[Li ]• [Li ]. -cat» 

«n**±WWW»*. -©sSC^T, SEttSffi© ^ 

£T*©T, nttO. 1. 2, 3*fc«4«fflSt*- 
fc#T«, Li*±rJtL.B#»c2«©*ft*E(ft?-e* 
£. Eu'MC^T©*^"^^ Eu[Li]2[Lj]. 

[0 0 4 4] 0-^h^-hRiC(OH)CHCOR2 14. SB® 
P 3 C -» T-S-ifr C4H3S-. 77/^fM<H.fl t - 

«t «/^ - 7 d - n - 7 a h;w; 3 Ft - tt 6 
h (hfa) #»&n*. Ri *3<fctffc# t • 

fl-^h*-h2. 2, 6, 6, -rh 
[0 0 4 5] Ri tffVf JW8WC*t>. Rj * !CFs 

7 ?v -f )V v u 7;w-n - r^iwytP *- Mf t f a) 

7> 7 _^^_i, l, 1, 2., 2, 3,. 3-^7* 
[0 0 4 6] »fc«Stt»±«©*V-H»«*** tt 50 



ES^La *U Btt^L, «*E«t K3U>»* 

-c»*. SE&^l* tt+tt©BttTTr*9r, -©Befit 

*J:ac3?7x=:^-X^**^H. 7/Mr*- 7 
;V^;V7x^-, M«7x^-75X *6t«C 

7;v*;w-, 7;^7i^-, *5<fctf7x-;v-* 
X7x-hs«v^uim3. aaft^asEtt? 

tt. 2, 2' -k'tf'J-7>. 2, 2', 6, 2" -tJV 
t!U-7X 1, 10-7x7->H3'J>*±«N, N. 

©ss^-c**. 

[0 0 4 7] ±|S#±S^SH#©»ffi«2 0tW& 

frfrSBtt*!*. 3?7x=JV75>-2-** 
#>»Sfctt3>7x=JV75>-2, 2' -5?*^*> 
K©«k5^i?7x-;V7S>*fctthU7x-;V75> 

[0048] <hsv»tt*w***rr**** t * v "" li * J 

*fcUTJBV»sn«. -©«4tt. «T**V-F*6 
^Htt7;V5-7i^ T^->7A. *±tfv^->f 

[0049] *&±s^s^#tt, *fta#aw»"*'*ii 
±a'o 2.o©^^^«^-r^-®ffis s ^ s ^ fi£i " 

•So 

[0 0 5 0] XA«***^«»f*B©-*^» ft * 
^tt, 2f:^,C*tt2.=t5^±^©W©^ :a::£fflVi 

szfcfciDafcan*. c©*«stt. ««tt*miB© 

[0 0 5 1] iEAi«*t©»»^tt« pS^Sl^n 

4.' Bts*©*Kttman*x*^E,.. tt^-ciSt 
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(7) 

11 

sns : 

E,.« = I — P + -A-P- = I -A- 2 P 

p* fe«fctxp- ». **uen. mn&iixtnm&mx. 

[0 0 5 2] £©«»£©&*&:, fflKH'OBil* 

***^fctt, #^^©««ttte+tt&ajBtt«!&*i5 JO 
[0 0 5 3] cn&©BiB*^««*©$m:»ftbT 

fr-c& •£>*■& era. -*sa&fa<f££u cne>©m 

■^*«tr^iE?L©Xt:>*tJFffC»S«-&Ctt. HSJKB 
[0 0 5 4] fl£*fiBitJ:*xUirhD;p**yfc>h 

BigSn&Ti !R«©ff^ttffi»Tg<, fCt?*^TJ 

itmsn. 'ntioii^M-^ta^ns. t 
i «S8*>s*jic«ig'N©ftstii^tt, -^ngfwititsn 

[0 0 5 5] a£3fefe*gfC±-5W«LED tt-MM*B©* 
SHIfliLTfc!), «r>T3»*0tft«r->. gEfc©#«LED "C 
14, Sffi©*g#HfcttASnfciE?L*«fc(^* : ? 1 tt, pi 

14, C©J:5'fcl,Tl : 3©Jt4s©-MBig¥:fc«ktf 
»4*©x*;M£~;fe«ktfxt;>£, ffix*;i/=£-P"<jt- 



#BB¥8-3 1 94 8 2 

12 . 

- sset ic?F#-r s c t * < & 5 . 

[0 0 5 6] «E*ft«©£©«fc5^xV^ hn;us*-fe 

> h jR^o^ss^tt. axa n&*w* + u t ©b& 

[0 0 5 7] fct. fl»St1lfK:«fc*xi^hn;W3* 
o.25*, .* tr^bsns. 5£*©#&o. 2514-s 

[0 0 5 8] ft-oT, ff*g£fe«fctf®jgT©tt3tt£S# 

D-©»3fe&J£©SSIW±IEl425?Sfc&S. ft*&ffi©LE 
D ©*£©±|gf4, -fiJgBET©**^!**^**!; 

[0 0 5 9] LjfcU #589ifc*HTtt, HS^BET 

[0 0 6 0] £©fcfet, nfiXttpffl©#«Wl*#:K 
Jg©W«&JglS{*:£"g'trxk? hajl/$*;*-fe>h$m 

3»*iRi©»ff^fi£S£tB*D#«:^. c:ne.©*± 

■*-f *>©*ai'^A^.©x*;^-©»ff*t«F**n 

[0 0 6 1] croftJoWfctlFsesn&x^^-fMT 
14, HS«®jg^-*fUfflUT5S3tS*SJ:i:*fr#5>«fc 

ofca-tts. «*©»»©=»Btt«ats 

mm (C* It -5 W©ffi^t)-&©S*?!C £ -o XWMtS.<D 

S. ■ 
[0 0 6 2] MT£lEft£©l?iJ6-&tC«fcoT<5fefcn5 

J ?^©x^;^-©^fT*^H|gt^:-5*^T?&S. £ 

<-rsii*»T?^ Eu (ttfa) phenXtfT 

b (benz) . bipya ©*&.fcf4#5 7 0 
[0 0 6 3] *3B98fc*J**«»©lt^b*fcJ:-3T* 

<Pel=<tiec 0. 25, licipltlll +<t>ttt 0. 7 5 
iidtoapletT] 
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[0 0 6 4] #&93©xk# hn;]/5*.-fc>h^f^ 
P HS£#H43 .fctf n SS^S® 2 fl©9Jfl0M#> & 

MSi#ft*j>ft< i*>i«©#*J*« -rattTi 

[0 0 6 5] *BW©*«XV*hnJk3*y-fc>h* 

* y *>hji©»*«fcefls*i£T*£i* , "r*** 
* ©#&ftffiffl-r£ c t«»r**. 

[0 0 6 6] B 1 : Ti • >Ti ■ : =**aa^»«i # 

oT, COt^Ctt. Ti ■ >Ti L 
0 2 : Ti ' <Ti • :Hi«WBBJ4tl/tpai 

±®&Jggg*£"& ; i l rb-tV:>S!&g#<&£o ^ oT> Cro 
[0 0 6 7] 03 : Ti - *sTi ■ : ^fiSS&fttP 

t«»Ph?*:/fcbT*±»*WM****l'^* 50 
OSftlftS. £©»£K:ti. Ti ' >Ti 1 RtfTi ■ 
>Ti L -Cfc*. HWB** XliffiffiW 

fl^m«fefl«tt«»bfcfc£*©!WK*** WVX» 

: [0 0 6 8] *C*5BWfc*H«*±tffctt«fcOV>T 
9010! 1 

*57 0 r pmrtaHS3-a-Sil<ttC<kO, ITO«W7 
X*«fc*©SS*£«**tf& = lml ©PVK (jr 
DD^>1?V+©2X*«tUT). ; lmlOPBD 40 

(?OD'<>-fe:*>*©l?«;i§i8ti:UT) : 0. 1ml© 
Eu CttfaKphen (^Dd'O-tf >*© 1 
T) . B©J*2»»1 0 0 nmtSofc. # 

if»T". JPS 2 0 nm©*Jl'i'9Ait**l °" 5 5 ,J;t " 
JlrfcfeViTMMMtett. £V>TJP2 2 0 0 nm©7* 

s-^Ataai/fc. ««©£«* i tocs&«u ft 
y.-fc>*au4v«±©*ffifc*^TSW'u Jintta- 

ntf^A©#tt7< >©3*&tW&£nTV»fc. 
[0 0.6 9] *WI2 50 



»7 0r pmT?0«S**CtKJ:O. I TO«§#7 
*»*IC*©»*»*«»** & : lml©PVK 
nD^>1f>t©2%i§itbT) ; lml©PBD 
Wnn^^oixiWtl/T) ; o. lmi© 
Tb (benz)3bipy 2 (S»if***7SF1'01Xl» 
tUt) . l<DfSli«10 0nmT^ 

fc. #<^"C. JPS 2 0 nm©*Jl'-/ , >i>ii $ 1 0" 5 3. 
iT/X-JHcJ3V»T*WBlWiS*. Sfc^JM 2 0 0 nm 
©7;i/5X^AT?feabfc. SM©iE@* I TOICgM 

[0 0 7 0] *J6W3 

#51 o-'S'J/t— ;kfc*V»T, I TOf 7^M± 

k, iift*©j(U!^ftffi^*tffc: TPD * 50nm 

©ICJISiT. iE?lO»*tlx-r;Eu (ttfa).phen 
JWt^t ; A 1 qs ftm^©S#2:bT ; 2 0 
nm©*;W->^A*3J:t;2 0 0nmO7*S-.Wtt 
gttt. mi!f<£>IEffiftI TOCg^U ftS**^"> 

7 veub©«ffK*v»TiH^ cn«3.-ntr^A©# 
tt^-f >©**>e>#ij£sn-a>fc. 

[0 0 7 1] *ffi^J4 
#51 O-'S'J/t— jHCife^T, I TOlta^^XfiSi 
(C, Hfc*©JIUrc$Ml*1«Hi:&:TPDS5 0nm 
©«©J»a*T?, IE?L©»#£bT ; Eu (ttfa)sphen 
tPB DtSl:2 5©it"Cji^L.fcfc©S5 Onm© 
!©#££-<?, WEtmtbT;AUi ft3 5nm© 
S©»SS-e« «^ ©*#tUT ; 2 0 nmfflWV^ 
A*3<fctf 2 0 0 nmWTJVSX^AftSSfcbT. 
©MSITOCiftBEU ft«ft;fr;VS"*<M~8«b& 

[0 0 7 2] ^H0i]5 

$51 o-'3U^-;n:fev»T. ITO«ES^^XSS± 
tC. J1**©)BUF-C»ti*»**fc : TPDft 5 0 nm 
©H©JMS*T. E?L©»#tbr;Eu (ttfa)»phen 
ft 3 0 n m©)i©J¥2 ST, £ bT ; A 1 ci 3 

S3 0nmOl®»SS-e. *f©*fcibT; 2 On 
m©*>V3/9^*±tf 2 0 0 nm©7^3.X?A£«ffi 

tbr. ms©iEffi* i TOfc«Ru 
3va±©«Ec*^T^n; cnaa-nt!^A©# 

[0 0 7 3]«ffl«6 
#51 0-'5UAT-jW:*V>t. ITO^a^7XSS-h 
fc, Ji**OWn?»B«l**fc:TP.D*6 0nm 
©g©Jf^S-C, mH<om»tVX; Eu (ttfa)3Phen 
ft 3 OnmDl^i-e, 5S*Wtbt;AU 3 
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* 5. OnmOJBOWS 3rc, i^«fttUT; 2 On 
m<Dj] k>&£Z*2 0 0 nm(D7 ~0 AZmfa 
tLTo «B<DIE«S I TOfc»8U ft«S*;P5/^ 

[0 0 7 4] mtm 

Xi«}:*©fi&«S«t3t&: lmlOPVK (£T-* 
no^>i?>tt I ©2%*jKtbT) ; lmlCDPBD 
(^DD^>-b:>4 J 0 1%^chLT) ; 0. lmlO 
Tb (benz)3bipy 2 (V^friVVkT * H*© 1 
«c<hbT) . @c£JP£tej&l 0 OnmT&o 

fco JP£ 2 0 nm©*;^>«>Atfi$ 1 0' 5 * 

U /\ # ~;MC£V>TMffi**S£ii\ #V>TJP2 2 0 0 nm 

oyj^-^ATtiiL *b©ie«£ i toi:«« 



Ml] 2<@cDffitt^-7 p hxi/^ hn-y^S^-r* 

[02] 2f@CDffitt^-yhXl/^ HnXy^JlS^rr* 
[03] 2B©Sttt^hxi/^ hnzy?iS*t* 
[04] 3a©Stt*^hxi/i^Nn=:y^JIft*r« 

1 S«S (StfO 

2 m%aMMBUUI (7/-F) 

3 ■t-fhX-VZrhU-yZM 

4 SH2SS (*V-H) 

3 1 psmstms aEafi»tt*mj» 

3 3 nlfi^i « : Fe»tt»»)i) 
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H^yWBWB 51259 l/hy> 
7- 



(72)»W# ^*;U:7#>^ fyVfrh 

Y^vmnmrn 52076 e 

K-f*y»Mtfttt 52066 7-*\> ^ 
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